INTRODUCTION
The Lewis histo-blood group system consists of 2 major [11] . Usually, CA 19-9 is detected at low concentrations (<40 kU/L) in the serum of healthy individuals.
In this study, we examined the Lewis/Secretor genotypes and serum CA 19-9 levels, and evaluated the relationship between these 2 factors in a Korean population. We aimed to identify whether serum CA19-9 levels are influenced by the Lewis/Secretor genotypes. 
MATERIALS AND METHODS

Subjects
Genotyping for the Lewis gene
The Lewis genotyping was performed for the 59T>G, 508G>A, and 1067T>A polymorphic sites. The 59T>G mutation was determined by PCR with confronting two-pair primers (PCR-CTPP) [12] . In brief, PCR-CTPP is a genotyping method that uses 4 primers with similar melting temperatures. By changing the annealing temperature, different sized products are amplified on the basis of allele specificity, which can easily be visualized by gel electrophoresis. This lowers the cost and shortens genotyping times because enzymatic digestion is not required [12] . The oligonucleotide primer sequences (Bioneer Corporation, Daejeon, Korea) and experimental conditions used in the PCR-CTPP have been previously reported [13] . The 508G>A and 1067T>A mutations were determined by PCR and restriction fragment length polymorphism (PCR-RFLP) anal-
Gene
Forward/reverse Primer sequence
5′ -CTC AAG CTT CGT GCC GTG ATG ATC TCT CTG CAC-3′ Le1067-F2 5′ -CGC TCC TTC AGC TGG GCA CTG GA-3′ Le1067-R2 5′ -CGG CCT CTC AGG TGA ACC AAG AAG CT-3′ Secretor Se357-F1 5′ -CTC GAA TTC GGG CCT CCA TCT CCC AGC TAA C-3′ Se357-R1 5′ -CTC AAG CTT GCT TCT CAT GCC CGG GCA CTC-3′ Se357-F2 5′ -CAG GAT CCC CTG GCA GAA CTA CCA CAT TAA-3′ Se357-R2 5′ -AGC AGG GGT AGC CGG TGA AGC GGA CGT ACT-3′ Se385-F0 5′ -TTT CAC TGC CAC CAG CAC CTG-3′ Se385-F1 5′ -ATC AAA GGC ACT GGG ACC CAG-3′ Se385-R1 5′ -GGA CGT ACT CCC CCG GGA T-3′ Se385-F2 5′ -TGG AGG AGG AAT ACC GCC ACT-3′ Se385-R2 5′ -GTC CCC TCG GCG AAC ATG G-3′ 
Genotyping for the Secretor gene
The Secretor genotype was determined for the 357C>T
and 385A>T mutations and the fusion gene. The se fus allele is due to the fusion of the Secretor gene and a pseudogene.
The 357C>T mutation was determined by PCR-RFLP. The 357C>T mutation was detected by performing the first PCR amplification with the primers previously reported [4] . The 385A>T mutation and fusion gene were detected by PCR-CTPP genotyping [12] , using primers that have been previously reported [14] . in the Se gene using these primer sets have been described previously [15] . Primer sequences are listed in Table 1 , and the representative electrophoretic patterns of PCR-RFLP and PCR-CTPP are shown in Fig. 1 .
Determination of serum CA 19-9 concentrations
The serum CA 19-9 concentrations were analyzed using an electrochemiluminescence immunoassay kit on the Mod- 
Statistical analysis
The data were analyzed by Mann-Whitney U test and Kruskal-Wallis test. All significance tests performed were two-tailed, and P values <0.05 were considered statistically significant. All statistical analyses were carried out using the SPSS 12.0 statistical software program (SPSS, Chicago, IL, USA).
RESULTS
The individuals enrolled in this study consisted of 161 men and 81 women with a mean age of 50.7 yr (range, 26-72 yr).
The distribution of Lewis genotypes within the study group is described in The 242 subjects were classified into 9 genotype groups according to their Lewis/Secretor genotypes (Table 4 ). There was a significant difference in the serum CA 19-9 concentrations among the 9 genotype groups (P<0.001).
Serum CA 19-9 was not detected in any of the subjects that were homozygous for le (genotype groups 7-9; 2.9%, Le/-and se/se (genotype groups 1 and 2), Le/-and Se/-(genotype groups 3-6), and le/le and -/-(genotype groups 7-9). The serum CA 19-9 levels in subjects from genotype groups 1 and 2 (Le/-and se/se) were higher than those from genotype groups 3-6 (Le/-and Se/-; P<0.001) ( Table 5) .
DISCUSSION
The majority (97.1%) of Korean subjects had at least 1 functional Le allele (Le/-or Le 59 /-). Seven individuals (2.9%)
were homozygous for the nonfunctional le allele (le/le), which is a low proportion when compared with that from other ethnic populations: 22.0% in Xhosa, 9.0% in Caucasians, 8 .6% in Taiwanese, 15.5% in Thai, and 12.0% in Filipinos [16, 17] . In Koreans patients with gastric cancer, approximately 10.5% (6/57 patients) have been reported to be homozygous for the le/le genotype [9] ; however, our data, which includes the Lewis/Secretor genotyping, were derived from a large number of subjects who did not have any malignan- [3, 19] . However, it was previously reported that this mutation is extremely rare in Koreans [15] . Therefore, this study did not investigate the 428G>A mutation in the Secretor gene.
The serum CA 19-9 levels in the 9 genotype groups were compared to the Lewis/Secretor genotypes. Previous reports suggest that the status of Lewis/Secretor genotypes can be determined by serum CA 19-9 levels [20, 21] . Nonparametric statistical methods were used to investigate the distribution of CA 19-9 concentrations, since these concentrations were not distributed in a Gaussian manner. With the exception of genotype group 5, the CA 19-9 levels decreased in the 9 genotype groups, with the highest levels observed in group 1 and the lowest levels observed in group 9. This is similar to the results of other studies [20, 21] . The CA 19-9 levels in genotype group 5 were higher than the values inferred from a previous study [21] . Genotype group 5 only consisted of 3 subjects (1.2%); however, the cause of the elevated CA 19-9 levels is unknown. These results may be outliers or a genotype-specific result within the Korean population. Further studies should recruit more subjects belonging to genotype group 5 to identify the cause of these results. In this study, only 2.1% (5/242) of the subjects were in genotype groups 5 and 6 (Le/-and Se/Se), which when compared with the 32.6% reported in Caucasians, is very a low percentage of study participants [21] . 
